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. The Centrefor WorldFoodStudiesisdevelopingpriceendogenousmodels
focusing on agricultureand incorporatingdetailedagronomicinformation.
Moreover,thestructureof thesemodelsis suchthattheycanbelinkedin orderto
representinternationaltrade,resultingin a globalequilibrium. The developing
countrymodelsemphasizeandanalyzetheproblemof smallandlandlessfarmers,
therole of possibleecologicalconstraints,andthe changesin thedistributionof
incomebetweenagricultureand non-agricultureas well as within agriculture.
Model alternativescanbe analyzedthroughchangesin variousparameters,e.g.
direct and indirect tax rates,tariffs,buffer stocks,importandexportquotas.
A briefoutlineof theThailandmodelis presented.
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I. INTRODUCTION
Nationalandinternationalmodellingconcerningfoodandagriculturehasbeen
thefocusof researchundertakenattheFreeUniversityinAmsterdamandtheAgri-
culturalUniversityin Wageningensincelate1972. Theissueofmeetingbasicfood
needshadbeenraisedearlierin discussionswhichfollowedthestudieson global
long-termperspectivescommissionedbytheClubofRome.Afterthepublicationof
the'pessinlisticviewsderivedfromthesestudies,thequestionarosewhetherpossible
setsof policiescouldbesuggestedto improvetheprospectsformankind,atleastby
meetingsomeof thebasicneedsof theworldpopulationin theearlyyearsof the
nextcentury.
Theresearchgroupcompletedthefirstphaseof itsworkin 1976. Thefind-
ingswerepublishedin"MOIRA: A ModelofInternationalRelationinAgriculture"
(1979);wellbeforethattime,themainfindingshadbeenpublishedinsummaryfor-
matandwerepresentedatinternationalgatherings.Thecharacterof theresearch
effortasamultidisciplinaryundertakingandthemethodologicalnatureoftheexer-
cisedidleadto asecondphaseof thework;originallythishadnotbeenforeseenbut
"
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in thecourseof theexerciseitbecameclearthatsomepromisingavenuesforfurther
researchwereopeningup. Thisdidleaddirectlytotheestablishmentof theCentre
forWorldFoodStudiesinearly1977andcontributedtotheinitiationofaFoodand
AgricultureProgram(FAP) at the InternationalInstitutefor AppliedSystems
Analysis(nASA)inLaxenburg(Austria)aroundthesametime.
TheCentreis notbyanymeanstheonlyinstitutionengagedin thisexercise.
TheFoodandAgricultureProgramatnASA isthemaincentreofworkontheinter-
nationalmodelaswellasonanincreasingnumberof nationalones. Thelatterare
beingundertakenby researchinstitutesin participatingcountries,coveringbynow
mostof thedevelopedcountriesandalsoa fairnumberof developingones. In
addition,nASA hasputaninternationalmodeltothetestbytakingtheleadincon.
structingaseriesofsimplifiednationalmodelsforlinkagepurposes.
Thecontributionof theCentretothenASAprogrammeconsistsofseveralele-
ments,someof whichgo beyondthe contributionsof the otherparticipating
nationalresearchinstitutes.TheCentrehasparticularlycontributedtotheformula-
tionof themaincharacteristicsof thenationalmodels:theirdesignasequilibrium
modelsandtheirrequirementsfor linkageto theinternationalmodel. In addition,
it hascontributedto theformulationof theinternationalmodel.Thirdly,theagro-
nomic-economicapproachto countrymodellingis up till thepresenta unique
featureof theCentre'swork. Thelattercomponentis increasinglyreceivinginter-
nationalattentionandmayin duecoursebeadoptedalsoin someformfor the
IIASA programme.
II. THEECONOMICMODELCOMPONENTl
BasicConsiderations
Thewidespreadoccurrenceof hungerin theworldatpresentandthechances
thathungerwill affectincreasingnumbersof peoplearegenerallyrecognizedas
globalissues.Thisviewissupportedbythemoralargumentthathuman~eprivation
shouldnotbetoleratedsidebysidewithabundanceandwasteof foodinpartsofthe
world,in particularwhennaturalandtechnologicalresourcesappearadequateto
meetthefoodneedsof allmankind.Supportstemsalsofromeconomicarguments
whichemphasize'thegrowinginterdependenceof nationalfoodsystemsthrough
internationalmarketsandprices.
Hungeris in thefirstplacea localphenomenon,determinedby avarietyof
factorsamongstwhichphysical,economic,socialanddemographiconesarepredom-
inant. Buttheextentanddegreeof hungercanbeinfluencedbyinteractionsbe-
tweencountries.Conversely,solutionsto localhungerareboundto influencethe
patternof interactionbetweencountries.Theanalysisof theglobalfoodsituation
lThis sectionisbasedmainlyon [1) and(2).
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anditsprospectsthereforemustspecifythelocalstructuresinwhichtheproblem
arisesandalsomapouttheinteractionof thosestructures.Thisobservationisbasic
tothestructureof themodellingsystem.
Localhungerproblemsstemfromtheinteractionof factorsatthelocal(partic-
ularlythenational)level. Themechanismswhichgeneratetheselocalsituations
anddeterminetheirbehaviourovertimemustthereforebeidentified.Therefore,
theobjectiveis to developasetof modelspresentingnationalagriculturalsystems
whichareembeddedin nationaleconomiesinteractingwitheachother. Country
modelshaveakeyrolein thesystem,recognizingthenationalcontroloveresources
andtheirusesandtheroleofnationalgovernmentpolicies.Theinteractionbetween
countriesis recognizedascomplex,aslocalandglobalchangesmutuallycondition
eachother.
Theextentof hungerandmalnutritioni acountrydoesnotdependonlyon
thelevelof totalnationalfoodsuppliesbutalsoontheirdistribution.Thefactors
whichdeterminethisdistributionarecomplexandnotwellunderstood,butcanbe
distinguishedroughlybetweenthe onesdescribingthe ownershipstructureof
(particularlyscarce)factorsof productionandthoserepresentingtheeffectsof
governmentpolicies. A substantialpartof hungerappearsto occurin ruralareas
wherepeoplearemainlydependentonagriculturalctivitiestoearntheirlivelihood.
Thissuggestshattheanalysisof hungermusttakeaccountof thedistributionof
controloverlandandof accessto inputsandservices. Similarly,theoperation
of rurallabourmarketsandthecausesandeffectsof labourmigrationeedto be
takenintoaccount.Governmentpoliciescanaddressthemselvestochangesincon-
trol structures(landreform,educationpolicies,for example)orto changeincome
and/orfood distributiondirectlythroughtransfersystemsbetweenpopulation
groups.,Theseconsiderationsconstitutethebasicpremisesfor theformulationof
thenationalmodel.
Thenationalmodels- which'aredevelopedindependentlyb countryexperts
- shouldbelinkableintooneglobalmodelandshouldthereforemeetbasiclinkage
requirements. Thus,. internationaltradevariableshouldfollowa common
commodityclassification(i.e.18agriculturalndI residualnon-agriculturalcom-
modities). Importsandexportsareto begeneratedonanannualbasis. Further,
importsandexportsshouldbefunctionsof worldmarketpriceswhichareinsensi-
tivetotheabsolutel velofprices.
Thenationalmodelsarelabelledopenexchangemodels:"open"becausethere
is internationaltrade,"exchange"becausea one-periodlagin supplyisassumed.
Competitiveinternationalequilibriumis oneof themodesfor interlinkinga system
of openexchangemodels;aninternationalbufferstockagreementandamarketseg-
mentationagreementofferalternativemodes.Theeconomicprocessi modelledby
firstdescribingthebehaviourof individualgents(producer,consumer,government)
andthenintegratingthisbehaviourthroughtheimpositionof overallphysicaland
financialbalancequations,in theWalrasianequilibriumtradition.
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Eachnationalmodelconsistsofthefollowingcomponents:
(a) supply, .
(b) demand,
(c) incomeandpriceformation,and
(d) nationalgovernmentpolicies.
Eachnationalmodelisanactorin theinternationalmodel,andinternational
governmentpoliciesinfluenceits operation. The formulationof thesemodel
componentsfor a specificnationalmodelraisesgeneralmethodologicalissues.
Someof theseissueshavealreadybeendealtwithbytheCentre,othersareplanned
to bestudiedin thenearfuture. Theywillbediscussedbelowin moredetailbut
first threegeneralissuesrequireto beresolvedin advanceastheypertainto the
modellingexerciseasawhole:
NationalGovernmentPolicies
(a) The description,in a simplifiedand generalizedway,of government
practicesin a countryin orderto obtainthemaincharacteristicsof the
country'slegislation;and
(b) Thequantificationof thepostulatedrelations.
InternationalGovernmentPolicies
(a) The descriptionof existinginternationalarrangementsin quantitative
terms;and
(b) Thedesignof newinternationalgreementsandtheassessmentof their
viabilityandtheirdesirability.
(1) CommodityBreakdown:whichcommoditiesshouldbedistinguishedin
themodel;howcmanyagricultural,howmanynon-agricultural,howmany
factorsofproduction?
(2) DataCollectionandProcessing:establishmentof theformatof anin-
ternallyconsistentdatabank.
(3) Computation:thedesignof algorithmswhichenableoneto numerically
solvethemodel.
The relevanceof theseissuesto the Centre'swork will now be briefly
discussed.
Supply
(a) The way in whichto representtechnologicalrelationsandto obtain
estimatesof technicalparameters;and
(b) The approachto describingproducers'behaviourandthe interaction
betweenproducers(e.g.smallvs.largefarmers).
CommodityBreakdown
BreakdownofAgriculturalCommodities
It hastakenseveralroundsof hardbargainingbeforetheparticipantsin the
IIASA projectcouldagreeonacommoncommodityclassification.Thefactthatin
agriculturexportsaretypicallymorespecializedthanimportsreflecteditselfin
these"negotiations":eachparticipantwouldliketo se~in thecommoditylistthe
commoditiesxportedbyhiscountry,whileatthesametimeamuchhigherlevelof
aggregationwasconsideredfeasibleandacceptableonthedemandside. Thefinal
outcomeis thereforeacompromiseandtheheterogeneityof thecommoditieswithin.
onegroup,suchas "vegetables",clearlyposessevereproblemsincethemodel
assumesfullsubstitutabilitywithineachgroup.
Asthenextstep,thefollowingissuescanberaisedwithrespecttoindividualmodel
components.
Demand
The description,by incomegroup,of consumerdemandasfunctionsof prices
and incomes,which adequatelydescribeboth shortand long term substitu-
tion effectsbetweencommoditiesand generaterealisticnutritionalintakes
underchangingincomesandprices.
MonetaryAspects
Moneyis notincludedin themodel,althoughit isadmittedlytruethatmoney
playsa roleof itsown:it is treatedasaunitof accountandnotasastoreofvalue.
For thatreasonthemodelcontainsthedeficitonthebalanceof trade,whichispur-
poselynot labelledthenationaldeficit. Onlygoodsandservicesareconsidered,
disregardingallmonetary"commodites".In principleit wouldbepossibletotreat
moneyasa goodalso,for whichdemandandsupplyfunctionsarespecifiedandto
whichparticulargovernmentobjectivesandinstrumentsapply. Theattemptsto
modelfoodandagriculturemeetwithconsiderableproblemsalready,of whichthe
absenceof moneydoesnotappearto bethemostseriousone. Theinclusionof
moneywouldnot only be quitedifficultby itself,addingto thealreadylarge
problemstobefaced,butwouldalsoopenupanumberof theoreticalcontroversies.
IncomeandPriceFormation
(a) The descriptionof incometransfersamongincomegroupsandbetween
governmentandincomegroups;and
(b) The determinationof the factorswhich causeprice distortionsin the
domesticmarket,e.g.by relatingchangesin retailpricesto changesin farm
gateprices.
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TheNon-AgriculturalSector
Theresidualnon-agriculturalsectorproducesonecommodityonly,whichis
variouslyusedforconsumption,i vestment,exports,processingofagriculturalgoods
andinputsintoagriculture.Non-agricultureisdescribedbyasimplemacro-econo-
metricmodel. Thesameapplieshereasin thecaseof money:onewouldrather
preferamoredetailedtreatment,butthefocusof theeffortonfoodandagriculture
necessitatesskimpingondetailelsewherein themodel.
Supply
As farastheinternationalmodelis concerned,thesupplymoduleonlyserves
asadevicetogeneratecommoditysuppliesatvaryingdomesticpricesandresource
levelssuchasland,labour,machinery,herdsize,etc. Thedecisionto produceis
seenasa rationalprocess.At givenresourceavailabilitiesandpricestheproducer
determineswhichcombinationofproductionactivitieswouldyieldthehighestbene-
fit (e.g.netrevenue).Theproducerthusselectsamongthealternativeswhichare
technicallyfeasibletohim. It isthetaskof theagronomistsintheCentretoformu-
latequantitativelythesealternatives.As a firstapproach.alinearframeworkwas
selectedto describethesealternatives,sothattheproductiondecisioncanbetaken
withina linearprogrammingframework(Le.optimizationwithlinearobjectiveand
linearconstraints).
DataCollectionandProcessing
Thequalificationofmodelsfollowinganequilibriumapproachputstheanalyst
beforethetaskof collectingandputtingtogetherasystematicandconsistentsetof
databycommodities,regionsandincomegroups,describingproduction,incomefor-
mationanddistribution,trade,transfersandexpenditures.Thesedatamustnot
onlybeconsistentin valuetermsbutalsobebroughtintoharmonywithunderlying
quantityandpricedata. Theinternationallinkagealsorequiresthatallnational
modelsusea consistentsetof netimportdataby commoditiesfor pastyears;for
thatpurposestrictadherenceto theFAO tradedatafromtheSupplyUtilization
Accountsis required.Thesedataareusedalsotoestablishistoricalseriesforworld
marketpricesandnetimportquantities.In thecaseofThailandtheconsistencyof
thevariousdatahasbeenreachedby constructinga suitablyformulatedSocial
AccountingMatrix(SAM)for oneselectedyearandby calibratingtimeseriesinfor-
mationon the(generallyadjusted)dataincludedin theSAM. Themostdifficult
taskhasbeentheadjustmentof productionandincomedatato theexpenditures
registeredbyincomegroupsin budgetandhouseholdexpendituresurveys.Thelat-
teralsohadtobeadjustedto nationalaccountaggregatesto theextentpossible;in
all casescaremustbe takento preserveconsistencyin termsof bothvaluesand
quantities(andthereforeunitvalues).
Agronomic/EconomicInterface
In ordertoavoidacurseofdimensionalityisnecessarytodesignasystematic
approach,for thedescriptionof theavailableproductionalternatives.Asisshown
insomemoredetailinSectionIII, theapproachistogroupthevariousfactorsaffect-
ingcropgrowthaccordingtohierarchicallevels,tobedealtwithin sequence.The
structureof theinterfacefollowsthesamehierarchy.It usestheinformationstep-
wisethroughthreecomputerprogrammeswhichdovetailto thelinearprogramming
moduledescribingtheproductiondecisions.Thetechnicalinformationatthethree
levelsis storedin threecomputerfilesanda fourthfileisaddedwhichdescribesthe
availableresources.
Thesizeof thedatafilesisconsiderable.In thecaseofThailand,thefirstfile
(croppotentials)contains5 climateregions,3 reclamationlevels,10 different
cropswith,onaverage,2 varieties,generating1,500feasiblecropalternatives.The
secondatafilecontainsin itssimplestforma3 x 4 matrix(fouryieldlevelsasso-
ciatedwithzero-to-maximumapplicationsof threematerialinputs)whichmustbe
appliedto all of the 1,500feasiblecropalternatives.Fieldworkis describedin
thedatamein termsof activitiesin successivemontWyperiodswiththeireffects
accumulatingovertime. Lessthanoptimalfieldworkdecreasesnetyieldsbelow
cropexpectationsderivedatthepreviousstep.Datingofactivitiesi of considerable
importance.
Computation
Therequirementthatthenationalandtheinternationalmodelshouldbesolv-
ableatreasonablecostiscrucialandnon-trivial,becausethecomputationofequilib-
ria involvesthesolutionof systemsof simultaneousandnonlinearequations.For
thesolutionof thenationalexchangemoduleaspecialalgorithmwasdesigned.The
internationalmodelis solvedby implementinganexistingalgorithmofnon-smooth
optimization.Thesealgorithmshavebeenembeddedintoasimulationprogramme,
whichiscurrentlybeingusedbyallgroupsparticipatingintheIIASA project.
We now turn to issueswhichare morespecificallyrelatedto model
components.
LandInventory
Theagronomistdoesnotonlygeneratet chnicalcoefficientsbysynthetically
buildingup fromagronomicexperience,butalsousessoilmapsto determinethe
availabilityof landof differentcategories.Bothtypesof quantitativeinformation
thussupplementthestatisticalinformationavailabletotheeconomist.
SupplyBehaviour
The behaviouralcoefficientsof an economicactor can howevernot all be
A~.~--' I -- ",.-",
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mization upon technicallyfeasiblealternatives,doesnot necessarily ield realistic
supplybehaviour.Heretwo waysareopen:
againthedevelopmentof parameterstimationroutinesfornon-linearoptimization
problemsseemsrelevanthere.
(a) SyntheticApproach. It ispossibletograduallyintroducemoreapriori
informationonproducers'behaviourintothesupplymodule. Theinfluence
of trademarginsonsubsistenceb haviourhasbeenintroducedin thiswayin
theThailandmodel. Therealsoexistpracticaldevicesto introducerisk
aversionintooptimizationmodels. Themainmodellingprobleminthisfield
is relatedto theintertemporalnatureof productiondecisions.Maximization
of currentnetrevenuedoesnottakeintoaccountthefarmer'sconcernforhis
future. Thisconcernis thoughto involvedecisionsontheoptimalstructure
of assetsandliabilities.Althoughsucha descriptionof thedecisionprocess
cannotbefoundin thepresentversionof theThailandmodel,anapplication
of thisconcepttothisandfollowingmodelsisenvisaged.
(b) EconometricApproach. Thegradualintroductionof morebehavioural
considerationsinto thelinearprogrammeimprovestheunderstandingof the
system.It is,however,notnecessarilyanefficientapproachtoobtainrealistic
behaviouralparametersanda realisticsupplyresponse.To reachthislatter
goal,onewouldliketoestimatesomeof themodelparametersin suchaway
thata modelsimulationrunwouldbestfit availabletimeseriesdata. Al-
thoughthelinearprogrammingmodelisverywellsuitedasa frameworkfor
strongtechnicalinformation,it hardlylendsitselftoparameterstimation.A
non-linearprogrammingapproachallowsoneto uselessparametersandis
bettersuitedfor parameterstimationprocedures.Thisapproachasallowed
aquickparameterstimationi IIASA'ssimplifiedmodelandhasbeenusedin
a moreelaboratewayfor theE.C.model. Furtherworkalongtheselinesis
neededwithintheCentreinordertoreconcileitwiththesyntheticapproach.
NutritionalSituation
Differentiationof regionsandof incomegroupswithinregionsis particularly
importantfor theassessmentof thenutritionalstatusof populationgroupsandthe
changesoccurringovertime. Thecommodityclassificationusedasastandardinall
nationalmodelsprovidestheminimumdetailnecessarytoobtainaninsightintofood
intakein termsof maincomponents- calories,protein- byincomegroups.The
farmincomegroups,whichcanbedistinguishedaccordingtolandownershipclasses
withtheirownfeaturesintheproductionmodule,arecentraltothisanalysis.
An areain whichfurtheranalysisrequiredconcernsthelinksbetweenutri-
tionalstatusontheonehand,andindicatorsof healthandof demographiccharac-
teristicsontheother. Theirsignificancefor theassessmentof laboursuppliesand
forfuturedemographictrendscanhardlybedoubted.
Demand
NationalGovernmentPolicies
The openexchangemodelprovidesa frameworkfor describingagriculturalI
policy. In theopenexchangemodel,thenationalgovernmentis giventheroleof
formulatinga targetpriceof eachcommodityin termsof internationalprices. On
theotherhandit cansetboundsto internationaltrade(quotas). Whensucha
boundbecomeseffective,theactualpricewill tendto deviatefromthetargetlevel:
otherwisethetargetcanbereachedthroughimpositionofanappropriateariff/levy
on internationaltrade. Governmentcanpreventpricedeviationfromthetarget
levelbyadjustingthelevelof bufferstocks.Thesepoliciesinvolvebudgetarycosts/
revenues,whicharecoveredeitherby adjustingtaxesor by adjustingovernment
expendituresongoodsandservices(whichincludeinvestmentinagriculture).The
tradedeficit(valueof goodsandservicesimportedby thenation)is givento each
nationandno feedbackrelatio~is builtin at themomentfromdomesticpoliciesto
thetradedeficit.
It wasfoundthatthispolicyframeworkis generalenoughto depicthemain
featuresof governmentpoliciesin countrieswithverydifferentpoliticalregimes.
Thespecificfeaturesof a nationcanbebroughtin throughthespecificationof the
adjustmentof policytargetsandboundsto changingnationalandinternationalcir-
cumstances.Thus,fully isolatednationaleconomies,open,liberalizedeconomies
andlargeoligopolisticeconomiescanberepresentedwithinthisframework.
DemandSystems
The demandfunctionsexpressconsumerdemandas function of pricesand
income. They describetheallocationof the consumer'sbudgetovercommodities
andtogetherforma demandsyste~. In mostcountriesthe demandfunctions(in-
cluding the savingsfunction) can only be estimatedby combiningnational
time-seriesobtainedfrom nationalaccountswith householddatafor onepoint in
timeprovidedthroughbudgetand expendituresurveys. Matchingof information
from thesetwo sourceswasoneof the problemsto be tackled. Severalproblems
still remain,however. Whichpriceshouldbeassignedto home-grownfood? How
to keepa reasonablenutritionalbalanceat increasingincome? Bothquestionswill
be studiedfurtherin the contextof a constrainedutility maximizationproblemand
InternationalGovernmentPolicies
Themodelisdesignedfortheanalysisofinternationalgreements.Twotypes
of analysescanbedistinguished,bothtestingthemodelof theagreement:testscan
beperformedonthelogicalconsistencyof theagreementaswellasontheexplicit-
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nessof theagreement.Testsof thefirsttypecanevaluatetheinternalconsistency
of targetsandconstraints;for example,participantsshouldbewillingtoassumethe
financialconsequencesof the agreements,andtargetshouldnot beconflicting.
Testsof thistypealsomaydemonstratethatanagreementwhichisinternallyconsis-
tentis neverthelessincompatiblewithagivenmodelof therealworld. Obviously,
thatmodelof therealworldmaybeinadequatebutif thatisnotthoughtobethe
case,thenthetestpointsatatheoreticalweaknessof theagreementitself.
Testsfor explicitnesspermitthemodellerto clarifytheconsequencesof an
agreementwhicharenot expressedin an internallyconsistentagreement.As
before,if theagreementspecifiespricetargetsandbufferstocklimitsbutnotthe
financialconsequencesfor theparticipants,thentheagreementis notadequately
specified.If theagreementisevenlessspecific- e.g.doesnotprescribebufferstock
behaviourat givensurplusesin worldmarkets- thenthemodelcanexplainthe
degreesof freedomstillopentoparticipants.Finally,internationalgreementshave
indirectconsequencesfor whichtheoreticalinsightsexistbuttheoutcomesdepend
stronglyon thenumericalvaluesandfunctionalspecificationsu ed. To overcome
the limitedinsightsobtainedfromtheoreticalmodels,oneneedsto solvethese
numerically.
Twotypesof agreements,internalandexternalones,needtobedistinguished.
In externalagreements,agroupofcountriesdecidestoinfluencethestateof therest
of theworld,for examplethroughcartelsandproducers'associations.Therestof
theworldisdirectlyandexplicitlyaffectedbyexternalgreements.Internalagree-
mentslike,for example,customsunionsor theEEC'scommonagricultural(price)
policydonotaffectothercountriesdirectly,althoughtheremaybeevensubstantial
indirectimpact. Internalagreementscanbemodelledwithoutchangingthebasic
structureof thecompetitivemodel. Participatingcountriescanbeseenasagroup
whichoperatesasaunitintheworldmarket,facingworldmarketpricesandbalance-
of-traderestrictionsjust as a countrydoes. Tradeagreementsandschemesof
compensatoryfinanceareexamplesofsuchagreements.
In externalgreementsthecountriesmakingtheagreementexplicitlysetoutto
influencetheparameterstheyfacefromoutside,i.e.worldmarketprices.
It shouldbenotedthatin thesystemthenationalmodelscanbeformulated,
estimatedandcalibratedindependentlyfor giventimeseriesof internationalprices
anddeficitsonthebalanceof trade. Oncethenationalmodelsarefullyspecified,
theexogenouspricesbecomendogenousthroughtheinternationalmarket. The
competitivemodeldoesnot permitanycalibrationmerelybecauseit consistsof
imposinganinternationalcommoditybalanceuponthenationalmodelanddoesnot
containanyunknowncoefficients.
III. THEMODELOF AGRICULTURALPRODUCTIONPOTENTIALS
ANDCONSTRAINTS
Theeconomicmodelapproachdescribedin theprecedingpagesis linkedtoa
modelof agriculturalproductionpotentialitiesandconstraints.Thispartof the
Centre'sactivityis focusedonthephysicalandagronomicfactorswhichdetermine
cropoutputin technicalterms. In theprecedingsectionabriefdescriptionwas
providedconcerningthelinkageof thistechnicalmodeltotheeconomicmodel. In
thefollowingparagraphsamoredetailedoverviewisgivenofthetechnicalmodel.
Thebasicassumptionhereis thatthefactorswhichdeterminecropyieldscan
beorderedintohierarchicalgroupings.Alsowithinthesegroups,hierarchiesare
establishedandateachlevelsubmodelsaredevelopedwhicharesequentiallyinked.
At thehighesthierarchicallevel,wheretheanalysistarts,onlyonefactorisvariable
andit is assumedthatotherfactors,atlowerlevels,arenotlimiting.Subsequently,
whentheanalysismovesto thenextlowerlevel,only thenextlowerfactoris
variable,whereastheloweronesremainnot-constrainingandthehigheronesare
fixed.
For example,therust-levelanalysisconcernsolarenergyandprovidesfora
specificareathecalculatedgrossCO2assimilationof astandardcrop,assumingthat
otherfactorslikeavailablewater,nutrients,diseasesoravailableabourarenotlimit-
ing. At thenextlevel,theanalysisturnsto thesoil-waterregimeandassessesthe
extento whichthegrossCO2assimilationis convertedintodry-matterproduction
underconstrainingwateravailability.At thissecondlevel,theother(lowerlevel)
factorslikenutrients,diseasesandavailablelabouremain,by assumption,otcon-
straining.
ShortModelDescription
The hierarchicalsequenceconsistsof the followingmain components:solar
energy,temperature,availablewaterandavailableplant nutrients. Thesefactors
changein the courseof thegrowingseason.Thereforethesimulationmodelof crop
productionemploystimeintervals. Theseintervalsneedto beasshortaspossible,
becauseduringeachtimeintervala steady-statesituationisassumed.Periodsof ten
daysareconsideredreasonablefor simulatingcropgrowth.
Thefirst factorsconsideredaresolarenergyandtemperature.At eachsiteand
for eachtimeintervalsolarenergyandtemperaturecanbemeasured. They deter-
minephotosynthesisandrespirationandthusthe dry-matterproductionof a crop.
A distinctionis madebetweenC3 andC4 cropsas thosediffer significantlyin their
photosynthesispathway. The examplesof wheatandrice usedbelowrelateto re-
lativelylessefficientC3 crops. The grossCO2 assimilationof thestandardC3 crop
is calculatedfor all timeintervalsin thegrowingseasonof the crop. Addition of
thesepartialproductionfiguresyieldsthegrossCO2assimilationof thecrop.
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Thesecondfactorconsideredis theamountof waterin thesoilthatisavail-
ablefor thegrowthof thecropduringeachtimeinterval.Shortageofwaterduring
somepartsof thegrowingseasoniscommontomostcropsystemsandconsequently
the factor"availablewater"for crop productionis introducedat the second
hierarchicallevel. For thisthephysiologyof thecropduringitsvarioustagesof
developmentmustbe known. Thecalculationof availablewaterfor ~achtime
intervalisrathercomplicatedbecauseit dependsoncrop,landandsoilcharacteris-
tics,precipitationandevapotranspiration,i.e. evaporationof waterat thesoil
surfaceandtranspirationof waterby thecrop,andoninterferenceby man(irriga-
tion).In ordertoknowtheamountofavailablewateratthetimewhenseedsgermi-
nate,theconditionsprecedingthetimeof sowinghaveto betakenintoaccountas
well. Thewholeprocedureis describedby a waterbalancefor whicha special
submodelhasbeendeveloped.Forthismodelaswellasforothersubmodels,ample
usewasmadeofmodelsthatweredevelopedin recentyearsbyothers.Withtheaid
of thewaterbalancethealreadycalculateddry-matterproductionofastandardcrop
is convertedintothepotentialdry-matterproductionof thecropathand(wheator
rice)ataparticularsiteandunderadefinedwateregime.Cropstudiesallowusto
estimatetheportionof thedrymatterdistributedoverseedandrest,consistingof
strawplusrootsandstubbleat eachtimeinterval,givingatharvestthemaximum
seedproductionatthechosensiteundertheprevailingconditionsofavailablewater
andundertheassumptionthatallotherproductionfactorsarenotlimiting. The
potentialyieldcanbeincreasedbymeasuresof landameliorationthatincreasethe
amountofavailablewaterorbybreedingnewcropvarietiesthatmakemoreefficient
useof theavailablewater,orboth. Theapplicationof thesesubmodelsresultsinan
estimateforeachcroporcropvarietyof theareaspecificfeasibleyield.
Thenextproductionfactorconsideredis theavailabilityof materialinputs,
particularlyplantnutrientsandcropprotectionchemicals.Sofar,allfactorsinflu-
.encingthegrowthof a cropbesidesolarenergy,temperatureandavailablewater
wereassumednon-limiting.Butcommonlythereisashortageof plantnutrients,
particuIarlyofnitrogen.A hostofexperimentsonnaturalsoilfertility,ontheappli-
cationof manureandcompostandon theapplicationof artificialfertilizershave
beenpub.lished.Studiesof theuptakeof NPK by cropsandof theefficiencyof
certainfertilizersarealsoavailable. Thesubmodelon plantnutrientsindicates
implicitlythelevelof technology.No fertilizersareappliedata lowlevelof tech-
nologyandcropyieldsthendependonnaturalsoil fertility. At higherlevelsof
technologyapplicationof fertilizersis partof thefarmmanagementsystem.If the
nutrientstatusof thesoilisknown,thecalculatedpotentialyieldcanbetransformed
in theyieldataspecificnutrientlevel.
Similarlythe applicationof herbicides,fungicidesand pesticidescan be
includedasanelementof technology.Someproblemscanarisein thiscaseastheir
applicationhasastepwisecharacter,withcumulativeeffects.Thethirdlevelin the
hierarchyconcernsfieldwork,consistingof thepreparationof theland,protectionof
thecropduringitsgrowth(notablyweedcontrol)andharvesting.Thesearetime-
sequentialfarmactivitiesperformedwithsubstitutablemeansof manual,animalor
mechanicalpower. Themodelprescribesaparticularsequenceofworkwhichmust
beperformed;shortageof labour,resultingin lessthanoptimalfieldwork,hasa
negativeffectonnetyields. Knowledgeof thevariouslossfactorsinvolvedisnot
verydetailed(exceptfor weedcontrol)andit is thereforeonlyin fewinstances
possibletoestimatetherelationshipbetweenintensityof fieldworkandtheeffects
onyield.
In additionto thesefactors,severalotherproductionfactorsaresuccessively
introducedin themodel. Submodelsfor thesefactorsdealwiththepossiblereduc-
tionsofexpectedyieldanddeterminein theendtherealyield.
Thisshortoutlineof thesimulationmodelfor cropproductionexplainsthe
hierarchicalpproachandshowsthatthemodelisopen-endedbecausemorefactors
canbeintroduced,shouldtheneedarise.
In additionto anestimateof production,it mustalsobeknownhowmuch
labourandcapitalareneededto obtainthecalculatedproduction.Thereforethe
modelisextendedtoassesstheseneeds. Themodelalsoallowscalcuiationof the
use of fossilenergyneededfor theproduction,maintenanceandutilizationof
machineryandforthemeanstoincreaseandtoprotectcrops.
Thestructureof themodelasoutlinedaboveis notverycomplicated.It is
madefor onecrop,growingatoneparticularsite,ata time. In a farmingsystem
morecropsaregrownin rotation. Thesecropsaregrownatagreatmanysiteswith
varyingclimateandsoilconditionsunderfourpossiblelevelso(\andreclamation
and/oramelioration.Furthermorefivelevelsof technologyhavebeendistinguished.
Thisaddsuptoa verylargenumberof possiblecombinationsthatcouldbeworked
out. In actualpracticethisis notdone. An intelligentchoicehastobemadeto
narrowdownthetheoreticalpossibilitiestoalimitednumberoffarmingsystemsthat
areconsideredrelevantforthepurposeof thestudy.
Cropsaregivenatagreatmanysites. Eachsitehasitsspecificharacteristics
(soilconditions,topography,hydrology,climate,levelof reclamationetc.). Dataare
availablefromsoil andtopographicalmaps,fromweatherstations,etc. Special
methodshavebeendevelopedto determinethe specificsitecharacteristicsfor
hundredsofunitsofagridsystemthatcoversacountry.Eachgridunitischaracter-
izedby mapcoordinates.All informationis storedin thecomputerfor eachgrid
unit,andconsequentlyallcalculationsasdiscussedbeforecanbemadeforeachsite.
Theresultscanbeshownoncartogramsthatareprintedbythecomputer.
Asamatterof fact,thewholeexercisecanonlybemadeif dataof thevarious
factorsto betakenintoaccountareavailable,or if reliable.stimatescanbemade.
Knowledgeofsomefactorsisstillincomplete.A majoradvantageof thehierarchical
approachto theproblemof cropproductionis thatavailablepartialknowledgeis
usedtothemaximum.
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Theresearchworkpresentedhereneverhasbeendonebefore.Somesubmodels
or si'dilarsubmodelshavebeendevelopedfor specificresearchpurposes.The
approach,asdevelopedhere,to computea quantitativecropproductionandtoana-
lysealternativesystemsoffarmingisnew. Thecombinationofresearchorcroppro-
ductionin variousfarmingsystemsunderdefinedenvironmentalandsocio-economic
conditionsprovidesa quantitativebasisfor landevaluation,a subjecthatattracts
muchattentionatthepresenttime.
IV THE THAILANDMODEL: AN APPLICATION
in yearsof fas~er-than-usualdomesticinflation. Theagriculturalsectoris diverse,
bothin termsof thenaturalconditionsandin termsof thepatternof output. Its
growth has benefitedfrom reasonablygood price policies, the avail-
abilityof landwhichcouldbebroughtundercropsandthepromotionofirrigation.
and(morerecently)theuseof fertilizersandincreasedcropprotection.Trendsin
population,landownershipandagriculturalproductionhaveraisedruralincomes
significantlyandthe impressionexiststhatruralpovertyhasbeenconsiderably
reducedoverthepast20years.Asparticularlythepossibilitiesforopeningupnew
landarenowbecomingsmaller,it willbeinterestingtoseeunderwhichpoliciesthese
favourabledevelopmentscanbeexpectedtocontinue.
The modeldistinguishesfiveregions:Northeast,North,Centre,Southand
Bangkok.For twoof theseregions,a furthersubdivisionwasdeemednecessaryin
ordertogethomogeneousagriculturalproductionzones(cf.infra). In eachregion
thereare four groupsof producers:small,mediumand largefarmersand
non-farmers. To eachfarmgrouptherecorrespondsoneincomeclass. The
functionaldistributionofincomeor,inotherwords,thedistributionthatislinkedto
assetownershipis fullyendogenousfortheagriculturalsector.Non-farmincomein
eachregionis distributedbetweenthreeincomeclasses.Theshareof thesenon-
farmincomegroupsin thevalueof non-agriculturalproductionis determineda
priorionthebasisof the1976budgetsurvey.Thisdoesnotexcludethepossibility
ofexaminingtheeffectsofachangeinnon-farmincomedistributionontheeconomy.
By convention,farmersproducethe18agriculturalcommoditiesof theIIASA classi-
ficationandnon-farmersproducetheonenon-agriculturalcommodity.Inorderto
berealistic,someexceptionswereallowedonthisrule(e.g.marinefisheriesi done
bynon-farmers).
It willbeimmediatelyobviousthatthedetailedcommodity-regiona dincome
groupbreakdownleadsto considerabledatarequirements.A lot of manipulations
werenecessaryto convertavailablepublishedandunpublishedmaterialinto the
requiredclassificationformat. In orderto facilitatethesemanipulations,a social
accountingmatrix(SAM)wasdevelopedfor thebaseyear1973. TheSAMis a
statisticalrepresentationfallthecurrentransactionof theeconomicagents. The
SAMalsoservedtwootherpurposes,namely:
(i) To achieveconsistencybetweenthedetailedagriculturalproductiondata,
andthedetailedexpenditures,avingsandtaxdatafromthehousehold
budgetsurveyaswellasthenationalandregionalaccounts;and
(ii) To facilitatethe determinationof severalmodel~oefficients(e.g.the
processingrequirementsthatarenecessarytoconvertrawfarmproduceto
finaldemandcategories).
For eacheconomicagentheSAMrecordsallexpendituresandreceipts.For
example,forfarmersreceiptscanbe
A modelfor Thailandconstitutesthe firstattempto applythemethods
describedabovein theagronomicandeconomicfieldsto aspecificountry.Thai-
landwaschosenas it has,amongstdevelopingcountriesincludedin thelist of
countrieselectedfor theinternationalmodel,a relativelygooddatabase. Model-
lingis alsomadeeasierby thefactthatthecountryhasa goodrecordof stable
economicgrowthand'hasnotexperiencedmajorchangesinpolicyobjectives.
The economicpoliciesof Thailandhavebeencharacterizedby relianceon
privateconomicactivityandlimitedgovernmenti tervention.Althoughsuccessive
Plansemphasizedtheimportanceof promotingeconomicgrowth,thisdidneither
translateitselfinaparticularsectoralemphasis,norinsignificantpublicsectorinvest-
mentsexceptin infrastructureandsupportfacilities. Themainconcernof the
governmenthasbeenwiththestabilityof domesticprices,whichwastranslatedin
termsof a fairlyliberalexternaltraderegimeandconservativefiscalandmonetary
policies. ExternalinfluencesontheThaieconomyweremitigatedbyavariablelevy
onexportedrice- for manyyearstheleadingexportitem-, flexiblecreditpolicies
for thefinancingof foreigntradeandthecushioningof thebalanceof paymentswith
sizeableforeignexchangereserves.
Changesin thestructureof theeconomyhavebeenslow,asgrowthtook not
only placein the modernsectorsbut alsoin agriculture.Thediversificationof agri-
culturalproductionovertheyearsis noteworthy,particularlybecauseit reflectsto a
largeextentnewopportunitiesin internationaltrade. Thisbalancedgrowthhaskept
migrationto thecitieswithinreasonablebounds.
Still, regionalandintersectoralincomedisparitiesarequitesubstantial;thedis-
tribution of income,both betweenregionsandwithin agriculture,hasnot changed
muchnotwithstandingoveralleconomicprogress.The oil priceincreasesince1973
haveaffecteddomesticpricesand also the balanceof paymentswhichhasshown
sizeableinflows of externalcapitalin the last 6 years;the debtsituationremains
favourable. The inflow of capitalserveslargelyto coversizeabledeficitsin govern-
mentbudgetswhichpartlyariseasaconsequenceof risingpublicinvestmentandfor
anotherpartfromsluggishtaxreceiptswhichhavefallenbehindcurrentexpenditures
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(i)
(ii)
(iii)
Revenuefromthenetproductionofagriculturalcommodites;
Revenuefromworkingonotherfarms;
Revenuefromworkingfor thenon-farmsectorinsidetheregion,or in
anotherregion;and
Revenuefrom.transfers(governmentorinternational).(iv)
Paymentsforfarmersinclude
(i) Consumptionofcommodities,
(ii) Savings,and
(iii) Directaxes.
TheSAM is presentedin valueterms;in orderto derivea consistentsetof
prices,it has to be complementedwith a set of quantitybalancesfor the
commodities.
TheThailandmodelcanroughlybedividedintotwomaincomponents:the
exchangecomponentandthesupplycomponent,whichwillbedescribedbelowand
in thatorder.
TheExchangeComponent
This partof the modelconsistsessentiallyof a systemof simultaneous
equationswhichis solvedto derivetheequilibriumpricefor the19commodities.
Theequilibriumpriceis thepricethatclearsallcommoditymarketsafterallowing
for internationaltrade,andtakingfully into accountherestrictionsimposedby
governmentpolicies. In equilibrium,eacheconomicagentsatisfieshisbudgetcon-
straint.
Demandbehaviourforfoodisrepresentedbyasetof demandfunctionsped.
fyingrelationstoincomeandprices.Demandfunctionsforeachincomegroupwere
estimatedcombining,cross-sectioni formationof the1976budgetsurveywiththe
timeseriesexpendituredataof thenationalaccounts(.1960- 76). For each
incomegroupasavingsfunctionisalsoincluded.Availablesavingsdetermineinvest-
ment. A sharequationallocatesavailableinvestmentfundsbetweenthepublicand
privatesectorsandbetweenagricultureandnon-agriculture.Thedatabasisusedto
estimatethesesharefunctionsisscantyanditwillrequirextensiveuseofsensitivity
analysisto validatethesefunctions. Furtherequationsarenecessaryto explain
governmentdemand(bothinvestmentandconsumption).
GovernmentpQliciesarerepresentedthroughtaxrates(excises,incometaxes
andtariffs). ThesetaxratesarederivedfromtheSAM. For somecommodities
(e.g.bovinemeatandpork)quotason internationaltradeareimposed. These
quotasreflecttheinflexibilityof thetransportandprocessinginfrastructure.For
importantcommodities,uchasrice,a pricetargetfunctionof thegovernmentis
included.
Theexchangecomponenttakessupplyof agriculturalndnon-agricultural
commoditiesas given. This is reflectedin a fixed endowmentfor each
I
I
I
-
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incomegroup. Agriculturalsupplyis determinedin a detailedlinearprogramming
model(cL infra). Non-agriculturalproductionis determinedbylabourandcapital
usinga productionfunctionwith a constantelasticityof substitution.Labour
supplyis determinedby anemploymentfunction. Capitalsupplydependsonpast
investmentandan exogenousdepreciationrate. Full utilizationof production
,capacityis assumed.Whentheequilibriumpriceisdetermined,theagentscancarry
out theirexpenditureplansandanotheroundof supplyandexchangecanstart.
Ol~ecannotknowwhoissellingrice'towhom;onlythefinalresultisrecorded.
Asa firstapproximationfor Thailandit is assumedthatallproducersfacethe
samepriceandall consumersfacethesameprice. Availablestatisticalevidence
showsthatregionalpricedisparitiesarefairlysmallinThailand.Forthetimebeing,
thesameprocessinglevelwill beassumedforallincomegroups.Thisassumptionis
notrealisticandwillhavetobemodifiedinduecourse.
Fromoneperiodtothenext,severaldjustmentstakeplace:
(a) Populationgrowthtakesplaceatanexogenouslyspecifiedrate(theslight
declinein fertilityobservedfrom1970to 1976willbeextrapolated;also
observedparticipationtrendswillbeused).
(b) Migrationdecisionsarecarriedout;permanentmigrationdependsonthe
incomedifferentialbetweentheruralarea ndBangkok.Migrationtrends
havenot beendramaticin Thailandfor thepast10yearsin contrastto
otherdevelopingcountries.
(c) Investmentis addedto thecapitalstock(otherresourceadjustmentstake
placein theagriculturalsection;cf.infra).
(d) Severalcoefficientsareadjusted(e.g.demandfunctionparametersare
changedsoastoletdemandforfoodsatisfynutritionalrestrictions).
Theseadjustmentscanbemadeto reflectparticulargovernmentpoliciesand
canthusbeusedto tracetheconsequencesofalternativedevelopmentpolicies.
TheAgriculturalProductionModule
The farmsectorin Thailandisaverydecentralizeddecision-makingsystem
madeupof about3.5millionfairlyindependentfarmers.Giventhenatureof his
environment,whichconsistsof all otherfarms,themarketsforinputsandoutputi,
physicalconditions,infrastructure,governmentpolicies,allkindofinstitutions,etc.,
theindividualfarmertries,on thebasisof limitedinformation,to reachhisgoals.
Thisbasiccharacteristicof theThaiagriculturalsectoris thestartingpointfor the
formulationof thesupplymodule. For theindividualfarmthepossible(inter)
actionsandtheenvironmentalconstraintshavebeendescribed.Obviously,it isim.
possiblein quantitativeworkto describe"thestateofaffairs"forallfarms.There.
forethebehaviourof representativefarmshasbeenmodelled.Thesemodelshave
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beenusedas the,basisfor describingthebehaviourof thesectoras a whole.
Similaritiesin farmingstructure,i.e.in farmsize,topography,climate,etc.,werethe
selectioncriteriaindeterminingtherepresentativefarms.
In Thailandwe candistinguishsix moreor lesshomogeneousagricultural
regions:
(1) Northeast,
(2) Uppernorth,
(3) Lowernorth,
(4) Centralplain,
(5) Eastern/westernpartsof theCentralregion,and
(6) South.
Withineachregionthreefarmsizesweredistinguished:
smallfarms (0 - 10rai),
mediumfarms(10 - 30rai),and
largefarms ( > 30rai).
In thisfashion18representativefarms(6 regionsx 3farmsizes)weremodelled.In
modellinga representativefarm,emphasishasbeengivento themainfactorsonly,
whichinfluencethedecisionsregardingtherarmandnon-farmproductionprocesses.
FortheaverageThaifarmerthesemainfactorsare
(1) Thecompetitionamongdifferentoutputsfor thesameinputs(cf. land,
labour,etc.);
(2) Theintegrationofanimalandcropproduction;
(3) Thepossibilityof performingproductionactivitieswith differentinput
combinations(technologies); .
(4) Theintegrationof thehouseholdandthefarm;
(5) Thepossibilitiesofearninganincomeoutsideagriculture;
(6) Theattitudetowardsriskanduncertainty;
(7) Theinfluenceof thegovernment;
(8) Theinteractionswiththephysicalenvironment;and
(9) Theinteractionswithotherfarms.
Onewayto formulatetheprobleminamannerwhichmakesthesefactorsexplicitis
in theformatofactivityanalysis,andthemethodologybestsuitedforthispurposeis
thatofrecursivelinearprogramming.A recursivelinearprogrammingmodelconsists
of fourelements:theactivityset,theconstraintstructure,theobjectivefunctionand
thedynamicsoftheresources.Wewillbrieflydiscussthese lements.
ing,fertilizing,cropprotection,harvestingandthreshing.If thesetaskscanbe
performedin morethanoneway,theneachalternativeis broughtinto the
modelasa distinctactivity. For eachregion/farmsize,threekindsof pro-
ductionactivitiesaredistinguished:
(i) Cropactivities(8-12 in number);(ii) livestockactivities(5) including
inlandfisheries;and(iii)non-agriculturalproductionactivity(I).
(2) SalesandPurchasingActivities.Theseactivitiesarerelatedtothesalesand
purchasingof outputs(paddy,cassava,eggs,etc.)andinputs(fertilizer,feed,
biocides,etc.)respectively.
(3) HiringandRentingActivities. Thisgroupincludestherentingandhiring
of labourandtractorpowerandalsotheborrowingofmoney.
(4) SubsistenceActivities. ThetraditionalThaifarmisa subsistencefarm.
Althoughincreasingquantitieshavebeenproducedfor themarketin the
courseof thepastdecadeor so, theproportionof productionfor owncon-
sumptionis stillconsiderable.Thissubsistenceproductionis not onlythe
consequenceof theattitudeof theThaifarmertowardsrisk,butalsoof the
factthatbyproducingfor ownconsumptionthetrademarginis earned.In
themodelthepossibilitiesareopenfor thefarmerto producefor owncon-
sumption,uptoanupperlimitofeachcrop(e.g.vegetables,fruit,eggs,poultry
meatorpork).
(5) MigrationActivities. Twokindsof migrationactivitiesaredistinguished:
permanentmigrationandseasonalmigration.Bothactivitiesrefertomigra-
tion withintheregion. Migrationto Bangkokis treatedin themigration
moduleoutsidetheL. P.Model.
(6) InvestmentActivities. A distinctionismadebetweenpublicandprivate
investment.Inthefirstversionof themodelbothinvestmenttypestakeplace
in theinvestmentmodule.Ultimately,however,privateinvestment(intractors,
reclamation,etc.)will beincludedexplicitlyin therecursivelinearprogram-
mingmodel.
(B) TheConstraintStructure
(A) TheActivitySet
Wecandividetheactivitiesinto six types.
(1) ProductionActivities. This groupis by far the largest. A production
activityconsistsof severaltasks. For instance,for growingpaddythefollow-
ing taskshaveto becarriedout: land cultivation,sowing,transplanting,weed-
Wecandividetheconstraintsintotwotypes.
(1) ResourceConstraints. Themainresourcesareland,labour,fertilizer,
animals,tractorsandcash.
(a) In themodelsix landclassesaredistinguished:(i) floodedlowland;
(ii) rainfedlowland;(iii) wetseasonirrigatedland;(iv)dryseason
irrigatedland;(v)upland;and(vi)permanentfallow+pasture.
(b) Labouris expressedin availablehourspermonth. Duringtheplant-
ingandtheharvestingseasonsthereisapossibilityformakingover-
time. Labourof childrencanonlybeusedfor cattleandbuffalo
herding.
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(c) Sixtypesof livestockaredistinguished:buffaloes,cattle,pigs,poultry
formeatproduction,poultryforeggproduction,andfresh-waterfish.
(d) Tractors. Thenumberof tractorsdeterminestogetherwith the
numberofbuffaloesandcattle,theavailabilityofdraughtpower.
(e) Fertilizeris constrainedat thenationalevel. Organicmanureis,
expressedin fertilizerequivalents;thequantityis determinedby the
numberofanimalactivities.
(£) Cash. A certainpercentageof lastyear'sincomecanbeusedfor
buyingnon-farminputs. Theavailablecashcanbeextendedby
meansof borrowingfrom bankinginstitutIons. Theborrowing
capacityoftheseinstitutionsisregionallyconstrained. .
farmequipment. In thefirst version,investmentsin cattleandbuffaloesare
exogenous;investmentsinotherlivestockarebasedonexpectedprofitabilitywithan
exogenouslyestimatedupperlimit. Theparametersof thebehaviourconstraintsare
constantduringthetimeperiodof themodel. Theyareestimatedonthebasisof
historicalbehaviour.
(E) DataBase
To estimatethemodela hugequantityof datais needed.
sourcesof informationare:
(1) ActualThaiandother(statistical)publications;and
(2) TechnicaldatageneratedbytheWageningengroup.
Thetwomain
(2) BehaviourConstraints
(a) The demandfor home-producedgoodshasanupperlimit. This
upperlimitisadjustedfromyeartoyearaccordingtoasetof demand
functionsthatdependonincomeandprices.
(b) Theflexibilityconstraintsplacebothupperandlowerlimitsonthe
extento whichfarmersarewillidgto increaseorreduceoutputof
anygiyencropor typeof livestockin responsetoprofitabilityinthe
previousyear(s).Thiscautiousresponseisdueto
(i) conservativeattitudetowardschange;(ii)adesirefordiversifi-
cation;(iii) theexpectationthattheprofitabilitymaybeshort
lived;and(iv)lackof.infrastructure(marketchannels)whichare
notexplicitlybroughintothemodel. .
(C) TheObjectiveFunction
WeassumethattheThaifarmercarriesout theactivitieswiththefollowing
objectives'inmind:(1)meetfamilyrequirementsforfood;(2}maintaintheproduc-
tioncapacityof thefarmat leastat thesamelevel;and (3) afterthesefusttwo
objectiveshavebeenmet,try to maximizeincome. Thefirsttwoobjectivesare
translatedintoconstraints.Thethirdobjectiveisbroughtintotheobjectivefunc-
tionof themodel.
V. FURTHERWORK
In thecourseof 1980it is expectedthatninenationalmodels(amongstthose
theCentre'smodelof Thailand,andamodelfortheEC)willbedeliveredtoIIASA.
Thestructureof themodelsfor fourotherswill bereadyandparameterstimation
wellunderway,whereasthecountrynetworkis expectedtobeextendedfurther
withatleastfiveothercountries.Thenumberofmodelledcountriesi expectedto
increasefurtherinthecourseof 1981.
Thecompletionof an internationalmodelcontainingthedesirednumberof
around25 fully specifiednationalmodelsmaystillbesomeyearsoff; spacingthe
completionof nationalmodelsin successionovertimealsocreatestheneedfor
. considerablestaffresourcesto updatetheonescompletedfirst. For manyof the
participatingcountriesand/orinstitutionsthecoreof theirinterestis to seetheir
nationalmodeloperateas partof the internationallinkage. Thereforeit was
considereddesirabletoputaspecialeffortintoaseparateaskofconstructinghighly
simplifiednationalmodelsin asufficientnumbertopermitdemonstrationrunswith
the internationallinkage. The first demonstrationof, andwith,thesimplified
systemtookplacein November1979atIIASA. It willfromnowonbemaintained
andpermitstheinclusionof themoredetailedmodelsintotheinternationallinkage
atonce,whenthosearecompletedandcansubstituteforthesimplifiedversionsnow
used. Thisset-uphasgreatlyaddedto theattractivenessof the projectfornewly
joiningresearchinstitutions.
In thecourseof 1979moredefinedrelationshipshavebeenestablishedbe-
tweenFAP andotheron-goingresearchatIIASA in theareaofresourcesandtech-
nology. Thishasresultedin theformulationof asecondresearchtask(thefIrst
beingtheeconomicresearcheffort)linkedto thefirst. Its objectivesareto study
theinteractionsbetweenresources,environmentandagriculturaltechnologyandto
developandtestmodelsconstructedfor thesepurposes.Closelinksaresoughtfor
thisnewprogrammewiththeCentreandparticularlywiththeagronomicgroupin
Wageningen.
(D) Dynamicsof theResourceStructure.
Everyyeartheresources(aswellasthepriceexpectations)areadjustedonthe
basisof interactionswith theothersectorsof themodelandtheoutcomeof thepro-
ductionmodulein the previousproductionperiod. Partly theseadjustmentsare
exogenous;for instancethe increasein irrigatedland area till 1990has been
estimatedin accordancewiththecurrentplansof theThaigovernment.Thechange
in availablelabouristheresultof populationgrowthandmigration. Savingsby farm-
sizegrouparegeneratedasan outputof theexchangemodule. Thesesavingsfunc-
tion asa variablein the investmentmodule,anddeterminetheinvestmentsin new
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Country modellingrequiresconsiderableknowledgewhich usuallyis
concentratedwithinthecountryitself. Thereforeit is desirableto entrusthis
modellingwork to institutesin thecountriesconcernedwithwhateveroutside
supportheymayneed. Alternativelywhenmodelsaremadeoutsidethecountry,
theleastrequirementshouldbetoengagelocalexpertisein theeffort. TheCentre's
workonThailandbelongsto thesecondcategory,andthisparticularapproachwas
takenbecauseat thetimeof itsinceptionthemethodologyof theworkhadnotas
yetbeenfullyestablished.Particularlythefeasibilityofdevelopinganinterfacebe-
tweenagronomicandeconomicanalyseshadnotbeendemonstrated,whereasatthe
sametimeit wasrealizedthatconstraintswouldexiston bothsides,limitingthe
choiceofmethodsineachareaofwork.
TheThailandmodelisthereforeconsideredto beapilotstudyforwhichno
formalcooperativearrangementsshouldbemadewithinstitutesor agenciesin that
country. Informalcontactswere,however,frequentandintensive.Withanumber
of majormethodologicalproblemsnowresolved,thenextcountrymodellingeffort
willestablishfirstamoreformalresearchagreementwithanappropriatecounterpart
institutionwhichdistributestasksandresponsibilitiesandsetsup coordinating
mechanisms.An importantaspectof thelatterwill bethesearchforclosertiesto
policymakersin agriculturein thecountryconcernedwhichmayleadto relevant
choicesbetweenalternativepoliciesin runningthemodelandmayalsohelpthemto
betterunderstandtheimplicationsof thepoliciestheyimplementorconsider.
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